Chronic disease is defined as a long lasting health condition, which can develop and/or worsen over an extended time, but which can also be controlled. The monetary and budgetary toll due to its persistent nature has become unsustainable and requires pressing actions to limit their incidence and burden. This paper demonstrates the utility of the System Dynamics approach to simulate the behavior of key factors involved in the implementation of chronic disease management. We model the patient flow diversion from emergency departments (ED) to patient-centered medical homes (PCMH), with emphasis on the visit rates, as well as the effect of insurance coverage, in an effort to assure continuity of quality care for Asthma patients at lower costs. The model is used as an evaluative method to identify conditions of a maintained health status through adequate policy planning, in terms of resources and capacity. This approach gives decision makers the ability to track the level of implementation of the intervention and generate knowledge about dynamics between population demands and the intervention effectiveness. The functionality of the model is demonstrated through the consideration of hypothetical scenarios executed using sensitivity analysis.
Introduction
Treatment of chronic disease forms a substantial portion of the U.S. healthcare expenditure. The number of adults with at least one chronic condition has risen from 34% in 2003 to 40% in 2009 (Tu and Cohen, 2009) . It is reported that nearly half of the U.S. healthcare expenditure is incurred for the treatment of just five chronic conditions, namely mood disorders, diabetes, heart disease, asthma, and hypertension (Druss et al., 2001) . On the whole, chronic diseases constitute nearly 75% of the U.S. healthcare expenditure (Dickens et al., 2012) . By 2020, about 20% of the U.S. population is projected to be over age 65 (U.S. Census Bureau, 2015) . It has been indicated that 88% of the population above this age suffers from at least one chronic illness as compared to just 44% of the general population suffering from at least one chronic condition (Hoffman et al., 1996; Anderson and Horvath, 2004; Tu and Cohen, 2009; Smith et al., 2012) . With the aging population and the higher prevalence of chronic conditions among the elderly, the problem of chronic disease is expected to escalate in the coming years (Colwill et al., 2008) . Continuity of care which creates a provider-patient partnership and an integration of care which enables effective participation of relevant specialists are key tenets for efficient treatment in this matter (Holman, 2004) .
With continuity and integration being important elements of chronic disease management, treatment within hospital-based ambulatory settings especially in emergency departments (ED), calls for attention. A substantial number of chronically ill patients utilize ED as a venue for treatment of their condition (Yusuf et al., 2010; Wolfson et al., 2011; Prystajecky et al., 2012; Vandyk et al., 2012) . A study by Peppe et al. (2007) reports that nearly 20% of ED visits are related to chronic conditions, with this percentage rising to 31% for frequent users (four or more visits annually). Analysis of data from the state of Missouri (Missoucri Information for Community Assessment, 2011 ) reveals that about 12% of ED visits are related to chronic conditions, although this may be based on conservative estimates. The aging of the population combined with the increase in chronic conditions impose a burden on the ED (Trzeciak and Rivers, 2003) , which will continue 1948-8300 C 2015 "IIE"
Diverting chronic disease patients from ED to medical homes 269 to increase. This burden is especially important for overcrowded departments as it may contribute to declines in healthcare service levels (Blais et al., 2010) . Limited access to primary care physicians has appeared as one of the most critical causes for the high usage of the ED (McCusker et al., 2010; McNaughton et al., 2011; Crooks et al., 2012; Cao and Schoner, 2014) along with insurance status (Sox et al., 1998) .
It is generally accepted that ED cannot ensure continuity of care (Barbera et al., 2010) . On the other hand, continuity of care has been associated with reduced ED visits and hospitalizations. Bird et al. (2007) proposes an integrated care facilitation for elderly patients with chronic disease after ED visits, in an effort to favor easy required health care services access, as well as comprehensive self-management strategy. Their results reveal reductions of about 20% in ED presentations, about 27% in hospital admissions, and 19.2% in bed-days. Scott et al. (2004) analyze the effectiveness of Cooperative Health Care Clinic (CHCC) group outpatient model, still, applied to an older population with previous ED treatments. The experiments show fewer hospitalizations and emergency visits combined with increased patient satisfaction and self-efficacy. Van Uden et al. (2005) also recommend treatment continuity through the implementation of an out-of-hours primary care physician (PCP) cooperative, recording 53% reduction in emergency care service utilization. For example, in the context of asthma, it has been shown that continuity of care resulted in a considerable reduction in both ED usage and hospital admissions (Cree et al., 2006) .
Populations managed by patient-centered medical home (PCMH) 1 practices have evidenced nearly 30% fewer emergency visits and six percent fewer hospitalizations, both of which contribute to direct savings for the patients and overall savings for the health care system (Reid et al., 2010) , while exhibiting positive opinions relative to delivered health services . The results found by Mitchell (1997) steer in the same direction, indicating around a 17% drop in asthma patients' readmission, credited to the implementation of a nurse-led home management training intervention. Notice that the term PCMH is used in this paper to reference all ambulatory venues that differ from ED services, e.g., Primary Care Physician (PCP) offices and Health Departments.
A higher continuity of care standard results in better health outcomes with a lower likelihood of hospitalization (Menec et al., 2006) . Thus, it is evident that the diversion of patients who seek regular care for chronic conditions 1 U.S. Agency for Healthcare Research and Quality (AHRQ) from the Department of Health and Human Services has developed a web site to provide decision-makers and researchers with access to evidence-based resources about the medical home and its potential to transform primary care and improve the quality, safety, efficiency, and effectiveness of U.S. health care. Go to: http://www.pcmh.ahrq.gov. from ED to alternative venues that ensure uninterrupted care is a feasible option. However, the implications of such diversion on the utilization levels of the relevant venues need to be ascertained to ensure that the diverted patients are able to find a source of regular care. Since interventions that divert these patients help in reducing medical complications related to chronic conditions, the healthcare delivery through emergency venues may be reduced while the utilization of alternative PCMH venues is increased (Van Uden et al., 2005) . This capacity usage change underlies considerable feedback effects over time that may affect the future performance of these venues, for example, in reducing mortality (Roccaforte et al., 2005; Garcia-Lizana and Sarria-Santamera, 2007) , and the health of the targeted population in ways that are difficult to appreciate. Thus, the complexities associated with implementing patient diverting strategies may cause unintended consequences. For instance, as patient flows shift, an increasing difficulty in getting primary care appointments may be experienced (Steinbrook, 2008) . The Congressional Budget Office (2004) envisions that the short-term savings from disease management programs may be offset in the longer term by the rising utilization and cost for related and unrelated conditions resulting from the improved life expectancy of the enrollees.
Knowledge of the impact of diverting these flows on healthcare capacities is imperative for planning purposes since quality healthcare services require the best matching of the healthcare capacity with the health service demand (De Bruin et al., 2007; Kucukyazici et al., 2011; Diaz et al., 2012) . This entails effectively configuring enough resources capable of meeting these requests. Growth in demand will also result from the expanding role of health professionals in case management, disease prevention, emergency care, and the early detection of chronic conditions (Bureau of Labor Statistics, 2014) . Thus, the central objective of this research is to present a framework that allows researchers and policy makers to understand how our near term policy decisions, with regard to the extent and placement of intervention strategies, will condition the flow of population health of selected (insured and uninsured) groups over time. The model demonstrates that successful interventions will not only shift demand away from ED, but also cause, especially in the long term, an increase in demand at other non-emergent healthcare facilities. Estimating these values is critical to ensure that quality care is properly rendered and timely delivered at both ED and PCMHs.
Literature review
The literature is full of examples demonstrating the high ED usage rates of chronic disease patients. A few significant ones are described in the following paragraphs. Prystajecky et al. (2012) describe and examine ED visits for adult patients with cancer. The authors found a higher rate of ED utilization, compared to other chronic conditions. Vandyk et al. (2012) explore the range and prevalence of cancer treatment in ED. Similarly, other chronic disease patients have high ED utilization. Wolfson et al. (2011) find that acute and chronic clinical manifestations of sickle-cell disease (SCD) cause a significant healthcare utilization, especially in the emergencies. Yusuf et al. (2010) assess the traits of ED visits made nationally by patients with SCD. The authors conclude that a consistent number of ED visits occur among people with SCD, commonly due to pain symptoms.
The literature attributes many causes for the high usage of the ED by chronic disease patients. One of the most critical aspects is lack of access to a primary care physician (PCP). McNaughton et al. (2011) assert that low socioeconomic status patients suffering from Diabetes with limited access to primary care turn toward ED for treatment. Crooks et al. (2012) identify the implications of experiences of chronically ill patients unattached to any general or primary care doctor and conclude that this proved to be an obstacle for the improvement of health and health access. McCusker et al. (2010) analyze the relationship between physician locations and healthcare characteristics. The authors reveal that affiliation with physicians and perceived needs dictate medical visits, for patients with ambulatory care sensitive chronic conditions (ACSCC). Sharma et al. (2010) examine the effect of early follow-up visits with patients' PCP after a hospitalization, for patients with chronic obstructive pulmonary disease (COPD). The authors conclude that continuity with the patient's PCP following the hospitalization could contribute in lowering ED visit rates and readmissions.
As mentioned previously, the lack of uninterrupted care services can increase ED and hospital resource utilization, which generally leads to worse outcomes for the patient and a burden for the facility itself. One of the most important burdens on the ED is the issue of overcrowding. The literature has found the effects of overcrowding are diverse. Johnson and Winkelman (2011) summarize the findings of previous studies reporting delay in treatment, decreased satisfaction, and increased mortality as a result of ED overcrowding. However, the authors suspect effects of nursing in ED crowding, with potential strategies development which would provide high quality of care. Michelson et al. (2012) assess the effects of ED crowding on the likelihood of patients to be admitted and readmitted in the future. They conclude that an increase in ED crowding is responsible for the lower probability of both hospital admission and frequency of return visits within 48 hours. Sills et al. (2011) analyze the effects of ED crowding on the treatment quality for palliative patients. The researchers found that the crowding causes a drop in timely care delivery and effectiveness. Jo et al. (2012) , in addition to confirming the association between ED crowding with delayed antibiotics treatment in community acquired pneumonia (CAP) patients, hypothesize on the association of ED crowding with 28-day mortality. The results reveal that ED crowding measured by Emergency Department Occupancy (EDO) rate was associated with higher 28-day mortality in CAP patients after adjusting the time-to-first-antibiotic-dose (TFAD), pneumonia severity index (PSI), and laboratory markers. Sun et al. (2013) examine the relationship among ED crowding in hospitals, the rate of admission and patients' health who were already admitted. The results show that the periods of high ED crowding were associated with increased mortality and slight increases in length of stay, costs for admitted patients. Finally, Mahler et al. (2012) aim to determine the impact of ED overcrowding on Emergency Medicine (EM) resident education. Their study uncovers that EM residents saw fewer patients and performed fewer procedures, which is detrimental for their learning.
The literature also discusses how to measure overcrowding. Hwang et al. (2011) propose a systematic review of crowding measures and compare them, based on their validity. The results suggest that time intervals and patient counts constitute a reliable tool for measuring ED crowding. Winkin et al. (2013) compare and evaluate the correlation between the National Emergency Department Overcrowding Scale (NEDOCS) and the occupancy rate (OR) determination, with the crowding in ED. Their study shows that both scaling measures are equally accurate in the assessment of ED crowding. Beniuk et al. (2012) assess a list of several factors quantifying the ED crowding in order to estimate the state of medical department. The results provide a set of eight quantified crowding measures defining the effects of crowding on the ED operations.
The significance of overcrowding problem in EDs may be highlighted through some statistics. On the demand side, ED visits have increased significantly from 88.5 to 129.5 million in the period from 1991 to 2011. ED visits per 1000 have also increased from 351 to 415 during 1991 to 2011. Looking at the supply side, the number of emergency departments in the United States have reduced from 5,108 to 5,035 during the same period. Further, in 2010, 38% of EDs in all U.S. hospitals had capacity issues (17% "over" capacity and 21% "at" capacity). Major ED capacity issues were in the U.S. teaching (51% EDs with 32% "over" capacity and 19% "at" capacity) and urban (50% of EDs with 27% "over" capacity and 23% "at" capacity) hospitals. ED capacity issues in rural (31% EDs with 11% "over" capacity and 20% "at" capacity) and non-teaching (36% of EDs with 14% "over" capacity and 22% "at" capacity) hospitals were relatively lower (American Hospital Association, 2013) . Trend in wait time at EDs is another issued related to overcrowding. From 2003 through 2009, the mean wait time in U.S. EDs increased 25%, from 46.5 minutes to 58.1 minutes. Mean wait times were longer in EDs that went on ambulance diversion or boarded admitted patients in hallways and in other spaces. Longer wait times were associated with EDs in urban areas (62.4 minutes) compared with nonurban areas (40.0 minutes). Finally, the mean wait time increased as annual ED visit volume increased; from 33.8 minutes in EDs with less than 20,000 annual visits, to 69.8 minutes in EDs with 50,000 or more annual visits (Hing and Bhuiya, 2012) .
Many solutions to overcrowding have been proposed in the literature. Rowe et al. (2011) examine the effectiveness of triage liaison physicians (TLP) on mitigating the effects of ED overcrowding. The results support that, despite a weak research method, TLP effectively contributes to a decrease in ED overcrowding. Migita et al. (2011) state that delays in admission for inpatients greatly contributes to the overcrowding in ED. The authors propose a systematic and comprehensive effort aiming at decreasing ED length of stay, which leads to a reduction in patient admission. Qureshi et al. (2011) analyze the implementation and effect of an acute care emergency surgery service (ACCESS) on ED length of stay, surgical decision time and overcrowding. The results indicate that ACCESS contributes to the reduction of surgical decision time and the improvement in ED crowding. Chan et al. (2012) think that the problem should go beyond the examination of only ED, given the complex nature of crowding. The authors propose a model providing better illustration of the ED crowding phenomena, factors causing it and preventive and corrective strategies. Barish et al. (2012b) attribute the issue of overcrowding in ED to the overwhelming demand from patients, as well as the supply shortage of PCP, which push the patients toward ED. The authors suggest the launch of preventive actions in order to pinpoint causative factors contributing to ED crowding. Higginson (2012) seeks to analyze the causes and effects of ED crowding, along with potential solutions. The author asserts that the main cause of crowding is access block, given the high levels of hospital occupancy. Pines et al. (2013) assess the perceptions of ED crowding, using a survey of medical directors and chairs. Results reveal that patients boarding constitute a factor in ED crowding, which impact patient satisfaction and quality of treatment. Interventions, namely expedition of discharges, Another possible way to alleviate ED crowding is to reduce the demand with interventions in chronic disease patients. Barbera et al. (2010) assert that near death visits for patients suffering from cancer can be prevented. The authors propose a descriptive and retrospective study to get good insight into the reasons for those visits and design and implement adequate interventions. Blais et al. (2010) investigate rates of exacerbations, ED visits and hospitalizations for COPD, medication utilization, and treatment adherence associated with the use of budesonide/formoterol (BUD/FM) or fluticasone propionate/salmeterol (FP/SM). The authors found that the patients treated with BUD/FM had fewer ED visits and hospitalizations and used fewer doses of anticholinergic medication than patients treated with FP/SM, just over a year after the treatment had started. Small (2011) suggests a behavioral model for vulnerable populations in order to assess health utilization patterns in hospitalizations, physician, and ED visits. Dalal et al. (2011) analyze the characteristics of the costs of COPD patients in the hospital setting. The authors conclude a correlation between the increase in cost of the COPD treatment and the intensity of the treatments. The study of Tan de Bibiana (2013) revolves around the impact of Housing First (program consisting in granting a house to a homeless person with mental illness) within a year of ED visit. The results of implementing such intervention suggest lower ED utilization for Housing First participants.
Incidentally, no research study was found in the literature which models chronic disease patient flows diverted from EDs to PCMHs and which also measure utilization of the ED and PCMH venues as well as determine additional costs of various interventions. We summarize below the contribution of this study with a focus on filling the gap between previous work and this research.
A System Dynamics (SD) approach is used in the proposed study which allows us to understand, as well as anticipate, the dynamic behavior of the population health dynamics of chronically ill patients as they are subject to diverting interventions over time. This approach lets us empirically demonstrate changes in the system's behavior which may be counterintuitive or would not have been evident if approached with more traditional causal methodologies. With our proposed approach, decision makers may simulate the interactions and 'ripple effect' of adopting any combination of intervention policy options and the sensitivity of various sub-populations to these potential interventions over time. For demonstration purposes, we develop a case study in which the flow of asthma patients through EDs is diverted to PCMHs. Drawing from state, regional and national data, the dynamic flows of these patients are replicated over time. Different intensities of a projected diverting flow strategy are then applied to determine the magnitude of the shift. This intervention is conceptualized so that it considers access to primary care and can be applied across the insured/uninsured status spectrum. Reductions in ED visits, additional visits to PCMH, venue utilization, and costs implications resulting from the implementation of this intervention are determined.
System dynamics model development
System dynamics modeling is mostly used in long-term, strategic models and assumes high level of aggregation of objects being modeled: people, products, events, and other discrete items are represented in SD models by their quantities. Therefore they lose any individual properties, histories or dynamics. If this level of abstraction is acceptable for a problem, SD may be the right method to use. If, however, individual details are considered important, all or part of the model can be re-conceptualized using Agent-Based or DiscreteEvent (process-centric) methods. This reasoning provided motivation for using a system dynamics approach to study long term chronic disease management utilizing different ambulatory settings under various intervention levels. Through a SD approach, the measurement of the dynamic impacts of chronic disease management interventions over time are meant to allow policy makers to interpret the information differently by allowing alteration of mental models. Mental models are unable to accommodate the complexity of interactions that are some distance from the immediate problem. Traditional approaches have not been well suited to anticipate the second and third order health related consequences of competing policy options upon particular population segments (e.g., uninsured and underinsured patients) and, in some instances, have resulted in policy resistance (e.g., resulting in unanticipated changes in PCMHs utilizations).
System Dynamics is a simulation tool that employs the notion of feedback as a critical component. Feedback is typically defined as a process in which a change in the magnitude of a system parameter affects the prospective magnitude of the same parameter in the future. Feedback effects result from causal loop effects. Such loops are common in many simple systems, e.g., population growth. In System Dynamics, the behavioral patterns produced by a complex system are the result of the interaction within such feedback structures. The replication of the feedback structures that collectively makes up a given system is accomplished through the characterization of a "dynamic hypothesis." This hypothesis is capable of endogenously describing the observed performance of the studied system. These causal loop structures facilitate the development of the "stock and flow models" which are executable representations capable of replicating system behavior over time (Sterman, 2000b) . Recent applications of SD in the public health context includes policy and reform strategies, chronic disease management (Milstein et al., 2010; Chen et al., 2011; Ghaffarzadegan et al., 2011; Hirsch et al., 2012) , health economics (Whitehead and Ali, 2010) , and ambulatory utilization issues (Iezzoni, 2010; Jia and Lubetkin, 2010) , among others. Table 1 presents pros and cons of different simulation methods.
Our research proposes a modeling and simulation (M&S) framework based on SD to represent and simulate interactions between intervention strategies and public health. The three basic avenues incorporated in the SD that bind our approach include: (i) representing the general flow of insured and underinsured patient populations with chronic diseases, (ii) representing the main steps in the implementation of intervention strategies, and (iii) representing the driving forces and potential interventions to maximize the management of chronic conditions.
Patient flow, insured and underinsured populations with chronic diseases
The population health model presented in this paper seeks to characterize the flow of patients that suffer from asthma and seek healthcare services. The patient population is a fraction of the different cohorts that comprise the total U.S. population. This population is classified into two flows determined by their insurance status, ambulatory insured and uninsured patients, serving the need to effectively track the different characteristics which these groups present.
The access to care shows differences between these populations, with insured patients more likely to receive usual care from primary care physicians (DeVoe et al., 2003) . It is reported that long term uninsured adults face much greater unmet health needs, compared to their insured counterparts (Ayanian et al., 2000) , making the issue of insurance coverage very relevant, in order to achieve substantial clinical improvements. Both populations in the model follow the same process during the intervention, which helps detect major health risks and assess treatment plan. The model also addresses the gap in cost treatments lying between the insurance statuses. Long and short term uninsured adults show a higher likelihood to defer treatment (Bogdan et al., 2004) , due to excessive out of pocket expenses, which eventually contribute to a poorer health status. The lack of insurance constitutes a factor in the convergence of uninsured patients toward ED, which have grown to become the first resort for these patients, considering the legal obligation of hospital based emergency services to deliver care regardless of the ability to receive payment (Barish et al., 2012) . It potentially leaves a high financial strain on hospitals with considerable unpaid bills (Gusmano, et al., 2002) . According to Schoen et al. (2008) , close to half of uninsured and underinsured patients population report difficulty paying for treatment costs, which results in outstanding balance due. The unpaid costs are thus a function of the number of uninsured patients in both PCMH and ED facilities, which is measured based on the total number of visits. The stock of money due helps determine the revenues generated for these care providers and ultimately assess the intervention efficiency and cost-effectiveness.
Implementation of intervention strategies
Important components involved in the implementation of the intervention are represented in the model. The complex nature of the flow of patients from ED to PCMHs involves multiple considerations, related to capacity factors such as the number of healthcare personnel available, the perceived efficiency and quality, waiting time, the access to the facility, the acuity level, and the tendency to defer treatment. These factors constitute weighting venue selection that influence patients in their quest to quality care. A portion of the patient flow coming to either venue moves to admission, in which patients are temporarily hospitalized. A second and results are more difficult to interpret part of the patient flow is treated through outpatient ED care. A marginal portion is assumed to die as they move through the ED. The rest of the patients are hospitalized or treated in a venue through outpatient care in which most patients move to a recovery stock. After the first visitation to the ED or PCMH, the flow of either type of patient may visit the same venue or switch facility for the next visit.
Once the patient has visited a facility, the patient recovers, worsens, or dies. The flow of patients that goes through a venue is also constrained by the weight of venue selection and potential interventions that effectively constrain the flow of patients through the healthcare delivery process. The model integrates the effects of the intervention on mortality as it assumes that the death rate is reduced which increases longevity and the propensity of this population flow to seek ambulatory services as they age. The ED and PCMH utilization of the patients is a function of the aggregated capacity of the venue and the total outpatient, inpatient hospitalization, and recovery levels (Fisher et al., 2000; McConnell et al., 2005) . Figure 1 presents a simplified version of the stock and flow diagram that models the flow of COPD/Asthma patients as they engage in both EDs and PCMHs.
Intervention driving factors
The effects of the interventions lead to a decrease in ED visits. The diverting effect of the intervention influences the flow of the patients seeking medical ED services into steering toward PCMH. Continuity of care leads to a decrease in the need for emergency hospitalization, with a lower likelihood for health complications. It is assumed the health status of the patients improves resulting in an increase in expected lifespan. The emergency department utilization, the PCMH venue utilization are aggregated in an overall ambulatory utilization that measures the efficiency of the strategy. These mechanisms are tested given the variation of key variables involved in the model. These are constants expressing realistic situations, which help explore the behavioral patterns of the overall system. The ED and PCMH capacities are important factors, as they illustrate management targets helping to determine the condition of patients' flow and diversion possibilities. The capacities can be expressed in number of visits, workforce size, and amount of time per visit. The costs of treatments in these facilities are also critical as they shape the characteristics of the health services delivery system. The insurance status of patients and their inability to pay combined with treatments cost structure influence the nature of care to be provided (Gusmano et al., 2002) . The variation of these measurements translates the quality of the intervention and provides insight into the course of the intervention mechanism
Patient diversion intervention development
The use of System Dynamics modeling technique in our study fulfills the purpose of gaining valuable insight into the behavior of the system, that is, the trends generated from the complex interactions between the different variables illustrating patients flow, ED and PCMH capacities, medical workforce and costs. In the environment of medical intervention, this paradigm serves as a practical decisionsupport tool for public health management and policy makers. This simulation technique helps identify critical issues of the process and draws direct attention to them (Bendoly, 2013) , so as to provide resolution. Also, SD is appropriate to analyze and model systems over various time horizons, short-and long-term which can extend for days (Duggan, 2012) or years (Ansah et al., 2013) . The presence of multiple feedbacks (Sterman, 2000b) in the model helps capture the behavior of the system over the course of the simulation, rendering the output more robust.
Intervention framework
The operations management literature points out diverse mechanisms that spur the utilization of facilities by targeted populations. The idea behind an intervention as presented in this paper is to redirect ED chronic disease patients demand from pursuing emergency services to more sustainable continuity care schemes that reduces the chance of condition exacerbation, as well as improve opportunities for an increasing quality of care through engaging in PCMH care (Schoen et al., 2013) . As indicated ear- lier, the basic structure of the model describes the diversion of patients suffering from Asthma, more specifically in the Hampton Roads region in the state of Virginia, from ED to PCMH while maintaining quality of care and continuity. Figure 2 displays an overview of the high-level conceptual model representing the relevant dynamics of this intervention.
Since the present study is concerned with emergency department and ambulatory care utilization for Asthma, it is essential to gauge the total visits to ED for all chronic conditions. Asthma visits are thus expressed in this model as a fraction of these overall ED visits. A visit to an ED may result in the hospitalization of the patient or the patient may be treated on an outpatient basis and discharged. The option of hospitalization is illustrated in the reinforcing loop Asthma Intervention Diverting Effects, which increases the likelihood for crowding and pressure for patients' diversion. More resources are needed therefore in an effort to improve the effectiveness of the intervention and reduce the number of ED visits. The balancing loop Total Asthma Ambulatory Utilization Effects describes the negative correlation between ED visits and PCMH resource utilization. That is, a drop in emergency visit favors a rise in nonemergency visits and alleviates ED resource use strains. The loop Asthma Intervention Admission Effects expresses the effect of the intervention, with an improvement of health outcomes for patients, which leads to an overuse of PCMH capacity and eventually an increase in ED visits. The loop Asthma Intervention Financial Effects measures the economic effects of the intervention. The diversion to PCMH facilities leads to improvement in health finances and savings generation. However, over time, the rise of nonemergency visits causes the emergency visits to go back up and ultimately pose a financial threat.
Main assumptions
The evaluation of chronic disease management interventions is a complex problem that requires a framework capable of capturing and processing: (i) the complexities associated with representing the targeted population; and (ii) the intricacies related to the implementation of a given set of interventions.
Our first assumption resides in the formulation of the problem. One perspective for solving it involves formulating the problem as a demand-supply model (Murray M., 2003) . One may conceive the demand as targeted populations seeking healthcare services (Ansari et al., 2006) , while healthcare institutions provide these services in the form of interventions (Voss et al., 2011) . The impact of this demand for services on these organizations may be measured by the total utilization of the healthcare institutions (National Center for Health Statistics, 2010). The management of chronic illnesses has an impact on the utilization of ambulatory services, and therefore, on the available capacity to provide these services. In the present study the supply is assumed to be a constant value representing the capacity of the aggregate healthcare delivery venues to handle the number of patient visits per day. This assumption serves as the rationale to perform a comparative scenario analysis.
Our second assumption regards the measurement of the effect of the intervention on healthcare venue utilization. The reduction in ED visits is used as a measure of effectiveness in our study, for the Asthma management intervention, similarly to the study of Bourbeau et al. (2003) . As a means of including the intervention impact into the SD model, a 1 to 5 Likert scale has been adopted. The projected percentage of reduction in the ED visits due to a given intervention is converted into a discrete equivalent on a 1 to 5 scale and included within the model. The scale offers flexibility in terms of accommodating some qualitative information, in case the precise value of reduction in ED visits is not known or is undeterminable. In the base case a value of zero is assigned to this effectiveness factor, which represents the absence of any intervention effort.
The last assumption concerns the data given in Table 2 to be inputted into the model. Those are the constants, as well as, the functions applied. The descriptions, values, and sources are provided. A key aspect in the implementation of the model is the determination of the various fractions that divide the ED into the groups that are of interest. Although the above analysis is presented at a regional level (U.S. Hampton Roads), few data used in the model are on the state level. In addition, aggregated data from the southern part of the United States (Florida, West Virginia, Virginia, Georgia, Kentucky, North Carolina, South Carolina, Tennessee, Alabama, Louisiana, Mississippi, and Arkansas) are used, enabling the derivation of the required fractions. Note that these extrapolations are reasonably relevant and do not impair the accuracy of our results as this very aggregation implies similar trends all across the regions considered, including the studied region.
The governing equations for Ambulatory Healthcare Capacity Model for Chronic Disease Management used as part of calculations in the proposed model are described below and given as equations labeled (1) through (9).
The number of patients is represented by the stock Asthma/COPD, ACC. This population depends on asthma/COPD rate, β; rate to visit ED, α; and diverting to alternative PCMH through intervention rate, δ. Rate of change in Asthma/COPD is given by:
β is the proportion of the population who presents with asthma/COPD. It depends on the total number of patients flowing through the ED, with chronic conditions, PERCC.
α is obtained by relationships between Asthma/COPD, ACC, and percent effect, PE, and influenced by congestion level, K. PE expresses the percentage of the effects the application of the interventions has on the population health. These effects are the function of the effectiveness of the intervention.
δ, the diverting patient rate, represents the number of patients diverting from visits in the emergency departments.
The stock Visit to ED for Asthma, VERA, is the number of visits in the ED from the population. This population depends on the rate to visit ED, α; rate of patient admission, μ; and rate of discharge of the patients from the ER, π. Rate of change in Visit to ED for asthma is given by:
μ expresses the percentage of patients presenting Asthma/COPD admitted. It depends on the actual percentage of admission, APOA, and the total number of ED visits by the patients, VERA.
π, is the rate of discharge of the patients from the ED. Similarly to μ, this rate depends on APOA and VERA.
Changes in Inpatient hospitalization, IH, and PCMH Outpatient care, are given by:
η is the rate of inpatient return to continuity care. This represents the proportion of the patients under PCMH that experience gains from continuity care, and were admitted, I H(t). λ is the rate of outpatient return that depends on PCMH Outpatient Care over time, OC(t).
The stock PCMH Alternative care due to interventions, ACDI, depends on the diverting rate to alternative venue through intervention, δ, and the population rate benefited from continuity care through PCMH outpatient care, θ. Rate of change in Alternative care due to interventions is given by:
Validation
The System Dynamics model is solved via the Vensim R simulation software package. The approach of validation is performed to test the closeness of our model to reality. It begins with testing the general structure of the model relative to known behavior. If the structure of the model is perceived to be adequate, then this is followed by testing the behavior accuracy (Barlas, 1996) . The dynamic nature of hospital activities imposes that the simulation model reflect complexity, uncertainty, variability and limited resources (Harper, 2002) . In that regard, Homer and Hirsch (2006) label the system modeling methodology of the SD paradigm as well suited to address and mirror these characteristics. The SD model developed in this paper describes the complex interrelationships between capacity, costs and patients. This method presents the uses of time delay functions, feedback loops, or exponential growth (Größler et al., 2008) , along with other nonlinear effects (Davis et al., 2007) , expressing the uncertainty of the outcomes stemming from these relations. The mix of these features affects the behavior of variables (Romero, 2014) . Those concern the births from mothers residing in the Hampton Roads area. Death Rate 7.5 (1/Day) Deaths per 1,000 of a population year (Romero, 2014) . Those concern the people residing in the Hampton Roads area. Acuity Calibration Factor 0.10 (Dmnl) Degree of perceived acuity of the disease over a one year period (Moorman et al., 2012 Note: The insured patients refer to those having private insurance, Medicare, Medicaid, work compensation or any combination of these insurance coverage types. (Sterman, 2000a) , which inject some variability in the entire system. Having established the adequacy and structure of the paradigm, we, under suggestions from Sterman (2000a) , perform several structure tests including parameter verification test, direct extreme conditions test, and dimensional consistency test.
Simulation models are simplified synthetic representations of the real world setting in which critical system components' parameters are explicitly represented while capable of mimicking a system's behavior over time (Diaz and Behr, 2010) . The selection of these parameters for this paper is based on three critical sources of information that include: (i) the existing literature on the subject, (ii) subject matter expert information from our teaching hospital partner in a particular region, and (iii) the empirical evidence collected from surveys performed by the authors. The parameter selection has therefore solid ground on which to stand and provides more reliability to the model. This work has been presented and discussed with our teaching hospital partner in the Hampton Roads region in the state of Virginia describing the diversion of patients suffering from Asthma, from ED to PCMH while maintaining quality of care and continuity. Computational results reported in Tables 2, 3, 4, and 5 pertaining to ED visits, additional visits to PCMHs, utilization levels of EDs and PCMHs and unpaid costs by uninsured patients, closely matched with historical patient discharge and cost management data maintained by the teaching hospital partner in this study. It also helped in ascertaining the effect of chronic disease management on capacity utilization of the relevant ambulatory venues to ensure that the diverted patients are able to find a source of regular care. Various scenarios analyzed facilitated quantifying the behavior of capacity of the ambulatory healthcare system when subject to disease management interventions as well as in understanding the effects of these interventions on such capacities. These efforts produced capacity needs estimates intended to be informative for the healthcare system in the Hampton Roads region, as well as design capacity characterization whose demand component impact is discussed in this paper.
Direct extreme condition testing evaluates the model governing equations under extreme conditions and assesses the likelihood of the resulting values against anticipation of what would happen under similar conditions in real life. For instance, we check that if there is no rate of exposure of the population, then, there are no visits to both/either ED or PCMH facilities, and no rate of recovery. If there is no ED capacity (no visits in ED), then, no patients are assigned there. The PCMH capacity reaches its fullest and equals the sum of resource utilization of PCMH and ED in normal conditions. The reverse scenario takes place if there is no PCMH capacity.
Last, we test the dimensional consistency. Specifically, we check all the variables of the model as well as their equations in order to test their dimensions and units of measurement. The test reveals positive results, showing the variables are set/linked up appropriately to one another and their measurements accurate.
Computational results
The scenarios analyzed in this paper are developed based on the ED population demand, different levels of interventions' effectiveness, and appropriate ED's congestion levels. The term "Effectiveness of intervention" is representative of the ability of the particular intervention technique to reduce emergency department visits. Accordingly, three theoretical scenarios wherein the term "Effectiveness of intervention" takes the low (1), intermediate (2), and the high-impact (3) value with the base case (no-intervention) having zero impact. The model is simulated for the time frame with an arbitrary time value of 10 years. For demonstration purposes, we use as capacity, the combined number of visits both in ED and PCMH. At the national level, the number of visits to physician offices for patients with Asthma equals 14.2 million (Centers for Disease Control and Prevention, 2010b), and the number of visits to hospital outpatient departments, 1.3 million (Centers for Disease Control and Prevention, 2010a). This gives a total of 15.5 million for PCMH facilities. The number of visits to ED for patients with Asthma as primary diagnosis is 1.8 million (Centers for Disease Control and Prevention, 2010a). Considering the prevalence percentage of 8.51% (Kiger, 2010) in the HR, the threshold capacity in PCMH and ED are 1,319,438 and 153,225 visits, respectively. These referential values are used to determine how utilization changes as the intensity of diverting interventions increase.
The number of asthma patients, both insured and uninsured that visit the ED is presented in Table 3 . The number of ED visits by insured patients in the absence of intervention that diverts these patients to PCMH increases as population grows at a steady pace. When a low impact intervention is applied, the number of visits decreases to an average of 7,409 visits in ten years which corresponds to a projected reduction of 11.28%. Likewise, for the mid and high impact interventions, the projected visits decrease to 7,372 and 7,319 on average, which reduces the base case scenario values to approximately 11.73% and 12.35%. The same table shows that at the no intervention level, the average visits for the uninsured is 2,691 while experiencing visit reductions approximately of 13.5%, 13.9%, and 14.6% when exposed to low, mid, and high impact diverting interventions.
As the number of ED visits decreases, the number of PCMH visits increases as shown in Table 4 . Both visit types are influenced by the number of individuals whose longevity has been extended. For the insured population, the additional number of patients that will be diverted to PCMH venues increases from 633 visits (average) when patients are exposed to a low-impact diverting strategy to 940 for mid-impact and 1,247 additional visits for high-impact. Correspondingly, in the low-to mid-to high-impact intervention scenarios, the number of extra visits that are expected to PCMHs increases from 198 to 294 to 390 visits, for the uninsured population. In both cases, there appears to be an increase of about 32% and 24% from low-to midimpact and from mid-to high-impact, revealing a similar impact of the intervention on the patients, from the insurance status standpoint. As patients engage in continuity of care, the propensity to live longer increases, and therefore, produces an increase in the volume of visits of insured and uninsured patients that seek ambulatory healthcare services as they age.
To understand the impact of diverting chronically ill patients on EDs, it is necessary to analyze the effects on utilization of both EDs and PCMHs. Assuming that current capacity of the ED system is invariant while an important number of patient shifts from EDs to PCMHs over time, reductions in ED utilization are experienced. The average utilization of the no intervention scenario is calculated at about 74%. For the mid-impact intervention, the average ratio decreases to 63% while at the high-impact intervention intensity, 55.7% is obtained. One can also determine how the potential utilization of PCMHs is affected by additional Asthma patients diverted to these venues. At a lowimpact intervention level, the utilization is approximately 39%, while 80% for the high-impact as additional patients engage in continuity of care activities. Table 5 provides utilization rates of EDs and PCMHs affected by various intervention policies.
The relevance of the insurance coverage of patients can be seen by the impact on the intervention economics. Any increase in visits favors unpaid treatment costs, given the increase of the uninsured population. The raise in dues jumps from 13% to 19% in low and mid impact and reaches about 26% in the case of high-impact (Table 6 ). In addition, these increases can be explained by the double standard in pricing established by medical providers, with many uninsured often charged about 2.5 times what most insurance providers actually pay and more than 3 times the hospital's Medicare allowable costs (Anderson, 2007) . Depending on the variation of ED and PCMH service prices, measures can be taken to control or ameliorate the coverage system and make practical predictions over the intervention benefits and cost-effectiveness. Given the logic behind the causal diagram built for our proposed model, the possible limiting system elements are identified: patients' visits (which condition the proportions for choosing either ED or PCMH), hospital capacity (which limits the resource utilization) and patients' health coverage status (which conditions treatment costs). Regarding these key system elements, that is, those variables to which the effects of the intervention implementation are analyzed, propositions are enunciated. Given the results of the scenarios: P1: A diversion intervention policy is recommended in a relatively near or medium term, in order to prevent and control ED overcrowding.
P2: A diversion intervention policy is recommended in a relatively near or medium term, in order to control costs and increase revenues accordingly.
P3: A diversion intervention policy is as efficient for insured patients as for uninsured ones. This initiative shows relatively similar effects for both patients' insurance coverage statuses and more consistent effects on financial benefits generation.
The model is able to produce behavior which resonates with the observations in the literature, and thus, forms a valid basis for scenario analysis and for applications to case studies. The results of the intervention indicate that increasing access to PCMHs may constrain providers' capacity (Steinbrook, 2008; Long and Masi, 2009 ). With increasing longevity of chronically ill patients, this population increases and as a result the utilization of healthcare increases, in general, in spite of improvements in health outcomes for this class of patients. This is in alignment with the findings of Carret et al. (2009) , who associate the growing number of visits in ED with age and income. Thus, even though, and as expected, the aging population tend to, over time, repeatedly use ED resources, its ability to pay through either high income or insurance coverage limit the financial strains of these institutions and offset eventual unpaid dues from uninsured. In addition, the similarity in intervention effects between insured and uninsured patients conform with the study of Weber et al. (2008) , who note lesser impacts from the uninsured population, regarding recourse to ED as it has remained constant over the years.
Discussion
Until recently, policymakers have tried to control rising health care costs primarily through cost containment measures (Fierro, 2006) . Policymakers at all levels of government are facing tough choices among funding priorities in light of these trends. The chronic diseases causing these costs increases can be better managed. Moving from an acute care model to one that emphasizes total care management will require a fundamental shift in the way the U.S.
healthcare delivery system operates, especially as it relates to how providers are paid and their approach to patients. This new approach will lead to providing for a continuity of care resulting in fewer hospital admissions and less revenue (Weinstein et al., 2001) .
Populations at risk for one chronic disease are often at risk for multiple chronic diseases. Coordinated strategies, such as those involving supportive public policy, social and physical environments, system changes, media, and technology, are required to address nearly all chronic disease risk factors and conditions (Collins et al., 2009) . Adopting healthy behaviors is much easier if we establish supportive community norms and adopt a philosophy that embraces health in all policies and settings. We must promote proven social, environmental, policy, and systems approaches that support healthy living for individuals, families, and communities (Centers for Disease Control, 2009). If prevention and treatment interventions are implemented, employers and/or Medicaid will bear much of the costs of the interventions. Employers and/or Medicaid also will reap much of the savings that occur prior to Medicare eligibility. After Medicare becomes the primary insurer, employers and/or Medicaid will typically become the secondary payer. While employers and/or Medicaid will see some of the savings from these interventions, Medicare will see the majority of the savings (O'Grady and Capretta, 2009). If prevention and treatment interventions are not implemented, employers and/or Medicaid who do not pay for the costs of the interventions, incur most of the costs of complications prior to Medicare eligibility and receive only a smaller percentage after Medicare eligibility. The model proposed in this paper shows that in the long term, investment in patients' diversion intervention can accrue positive savings from national healthcare expenditures.
Prevention is one of the best ways to help Americans live longer, healthier lives and increase our nation's productivity (Parternership to Fight Chronic Disease, 2015) . Our model is an important instrument that can be used to accomplish these goals and plan for the future. The model provides valuable insights into the effects of successful chronic disease interventions on the overall health care system. Successful interventions will decrease the number of patients with chronic diseases from presenting at the emergency department. However, the model also shows that this will increase, especially in the long term, the utilization of nonemergency healthcare venues. Thus, the model provides policy makers a tool to more reliably plan for the future.
Conclusion and future research
Treatment of chronic disease forms a major portion of the U.S. healthcare spending and affects a large portion of the U.S. population. This calls for approaches to better deal with such conditions to reduce patient suffering and mortality. At the same time the need to curb healthcare spending calls for addressing these issues in a manner that helps reduce healthcare costs. Chronic disease management has emerged as a successful approach in dealing with chronic conditions. However, the cost saving potential of such efforts is still a point of contention and depends on numerous characteristics of the particular intervention. What remains to be investigated is the result of such efforts on the capacity utilization of the relevant venues.
In this study we have developed a simulation framework to study major interactions. Different reinforcing and balancing loops were identified and examined. The present article proposes a SD model that helps capture the important dynamics and feedbacks in the system under consideration. The emphasis is on determining the effect of chronically ill patient diversion from EDs to alternative venues of regular care. Such analysis is essential for ensuring that the diverted patients are able to be accommodated within the alternative options without any significant disadvantage to both care givers and receivers. This enables advance planning for creation and acquisition of human and material resources necessary for creating enough capacity that matches the demand with the supply.
The scenario analysis performed on the proposed model demonstrates a behavior which draws resemblance with the observations in the relevant literature. The scenario analysis thus helps confirm that the proposed model confers with the findings of the scientific literature, and therefore, forms a valid basis for future development and analysis. Based on the results obtained, some recommendations are proposed to perform, in an accurate manner, the patients' diversion. It is important to point out that these recommendations are obtained by using an exemplified model and numerical hypothesis. The present model can thus be significantly expanded by a more explicit representation of the intervention structures. This may be done by inclusion of additional variables that represent the factors that determine the magnitude of impact that a particular intervention would have on a particular cohort. Such factors would include relevant characteristics of the patient in addition to their insurance status, the intervention, and the healthcare providers. The aspect of capacity can be extended to human and material resources dynamics, which would address some aspects ignored here with a static capacity factor. 
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